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Description

The present invention relates to a circult for
generating a reference voltage, and more specifi-
cally to an integrated circuit for generating a
reference voltage which is in agreement with a
band gap of a semiconductor material that forms
the transistor and which assumes a predeter-
mined value irrespective of the temperature.

The reference voltage must, usually, assume a
constant value independently of the temperature.
This requirement can be satisfied by using a
band-gap reference circuit. As represented, for
example, by an integrated circuit LM 117 manu-
factured by National Semiconductor Co., the
band-gap reference circuit consists of a first
transistor and a second transistor of which the
bases are connected and which are served with
an equal current from a current mirror circuit, the
area of the emitter of the second transistor being
N times greater than that of the first transistor.
Further, a first resistor is connected to the emitter
of the second transistor, and a connection point
between the other end of the first resistor and the
emitter of the first transistor is grounded via a
second resistor. The collector voltage of the first
transistor, on the other hand, is fed back to the
power supply of the current mirror circuit via a
feedback amplifier, and the output voitage is
taken out from the base potential of the first and
second transistors.

In such a conventional circuit for generating the
reference voltage, the potential of the power
supply for supplying a current to the current
mirror circuit must be higher than the collector
potential of the first transistor. When the
reference voltage is 1.2 volts, the potential of the
power supply of the current mirror circuit must be
greater than 2.1 volts at room temperature. The
potential of the power supply of the current
mirror circuit is supplied from the power supply
of the feedback amplifier. Therefore, the feedback
amplifier requires a higher power-supply voltage.
Requirement of such a high power-supply voltage
is not desirable for integrated circuits, and it is an
object of the present invention to provide a
reference voltage generator circuit which
operates on a small power-supply voltage.

The present invention consists in a circuit for
generating a reference voltage, comprising: a first
transistor and a second transistor of which the
bases are connected together, the area of the
emitter region of the first transistor being smaller
than the area of the emitter region of the second
transistor, the emitter of the first transistor being
connected to ground, and the emitter of the
second transistor being connected to ground via a
first resistor; a current supply means which
supplies equal currents to the collectors of the
first and second transistors; and characterised by
a second resistor which is connected between an
output terminal and a connection point of the
interconnected bases of the first and second
transistors; and a current generator circuit which
is connected between the connection point of the
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commonly connected bases and ground to
produce a current which is proportionagl to the
emitter current of the first transistor or the second
transistor, such that a constant voltage is
generated at the output terminal.

In order that the invention may be better
understood examples of circuits embodying the
present invention will now be described with
reference to the accompanying drawings, in
which:—

Fig. 1 is a block diagram of a conventional
bandgap reference circuit;

Fig. 2 is a diagram which illustrates tempera-
ture characteristics of the band-gap reference
circuit;

Fig. 3 is a block diagram iliustrating a basic
embodiment of a circuit for generating a
reference voltage according to the present inven-
tion;

Fig. 4 is a circuit diagram of an embodiment of
the block diagram of Fig. 3;

Fig. 5 is a block diagram illustrating another
embodiment of the circuit for generating a
reference voltage according to the present inven-
tion;

Fig. 6 is a circuit diagram of an embodiment of
the block diagram of Fig. 5;

Fig. 7 is a circuit diagram of another embodi-
ment of the circuit for generating a reference
voltage of the present invention;

Fig. 8 is a circuit diagram of a further embodi-
ment according to the present invention; and

Figs. 9A and 9B are circuit diagrams illustrating
important portions of still further embodiments
according to the present invention.

Fig. 1 shows a conventional band-gap reference
circuit in which the feature resides in a pair of npn
transistors Q; and Q, that produce a current
proportional to the absolute temperature, and a
resistor Ry. The transistors Q;, Q, of which the
bases are interconnected are served with equal
currents from a current mirror circuit 1 consisting
of pnp transistors Q; to Qg, and wherein the area
of the emitter of the transistor Q, is N times
greater than that of the transistor Q,. One end of a
first resistor R, is connected to the emitter of the
transistor Q,, and another end of the resistor R,
and the emitter of the transistor Q4 are grounded
via a second resistor R,. Therefore, the base
potential of the transistors Q;, Q,, i.e., a reference
voltage Vg at the output terminal B is given by,

Ve=Vgei+I:R, (1)

where Ve, denotes a voltage across the base and
emitter of the transistor Q;, and I, denotes a
current which flows through the resistor R,.

If emitter currents of the transistors Q, and Q,
are each denoted by Ig, there is the relation |,=2l¢.

Since the transistors Q,, Q, have different
emitter areas, the voltage Vgg, across the base
and emitter of the transistor Q, is different from
the voltage Vg, across the base and emitter of the
transistor Q,. Namely,
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(2)

3)

where, Vo= ——

where k denotes Boltzmann’s constant, T denotes
the absolute temperature, q denotes the electric
charge of an electron, N denotes a ratio of emitter
areas, and | denotes a saturated current.

In the connection mode of Fig. 1,
Vee1=Veea+le - Ry (4)

If relations (2) and (3) are inserted into the
above relation, there is obtained the relation,

le * Ry=Vp=V4l,N (5)

By using the above relation (5), the relation (1)
can be rewritten as follows:

Ve=Vge:+2lz - Ry

R,
=Vgg1+2Vgy
Ry
R.
=Vgg1+2 - V;l.N (6)
Rq

The temperature dependency, therefore, is as
shown in Fig. 2. Namely, Vgg; which is the first
term on the right side of the relation (6) decreases
with the increase in the temperature T, and

R.

2 M * VTl"N

R

which is the second term increases with the rise in
the temperature T. Therefore, of the changing
ratios are equalized by adjusting R,/R;, the two
values are cancelled by each other, and the
reference voltage Vg remains constant {com-
pensated for the temperature). This constant
value is nearly equal to a band-gap voltage {1.2
volts in the case of a silicon semiconductor) of a
aemg:onductor material which forms transistors
1r 20

Here, if a voltage across the collector and
emitter which does not saturate the transistor is
denoted by Vs the potential V, at a point A which
supplies a current to the current mirror circuit CM
must assume a value which is greater than a
potential Vg—Vpgg,+Vy at the collector (point C) of
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the transistor Q, by a quantity of two stages of Vg
of the transistors Q3 Qs i.e.,

V=V +Vae+Vg (7)

Practical values at room temperature are Vg=1.2
V, Vge=0.7 V, and Vg=0.2 V. Therefore, the
relation V,=2.1 V must hold true. The voltage V,
is supplied from the power-supply voltage V¢c of
the feedback amplifier 2. Therefore, requirement
of a high voltage V, means that the power-supply
voltage Vgc must be high. Symbols R; and R,
denote resistors of the output stage, which feed
base currents to the transistors Q, and Q,.
Fig. 3 is a circuit diagram illustrating a first
embodiment of the present invention, in which
the same portions are denoted by the same
symbols. What makes the circuit of Fig. 3 different
from the circuit of Fig. 1 is that the second resistor
R, is connected between the output terminal B
and a point D where bases of the transistors Q,,
Q, are connected; this resistor is denoted by Ry,.
Further, a transistor (or a diode) Qg is connected
between the point D where the bases are con-
‘nected and ground, so that the electric current I,
will flow through the second resistor Ry, in
proportion to the absolute temperature. The tran-
sistor Qg forms a current mirror circuit together
with the transistor Q,. It is therefore possible to
pass an electric current which is proportional to
the ratio of emitter areas of the two transistors. In
other words, it is possible to adjust the current
flowing through the resistor Ry, to become equal
to the current I, of Fig. 1. Consequently the
above-mentioned relation (1) holds true even with
the circuit of Fig. 3. Therefore, the temperature
-characteristics of Vgz, of the transistor Q; are
compensated by the temperature characteristics
of voltage drop [;R,, across the resistor Ry;, and
the reference voltage Vg(=1.2 V) is maintained
constant as shown in Fig. 2. Further, since the
emitter of the transistor Q; can be grounded, the
potential at the point C can be lowered to Vg, and
the potential V, at the point A can be lowered to,

VaZ2Vge+Vs (8)

If the aforementioned numerical figures are
inserted V,=1.6 V; l.e., the power-supply voltage
Ve can be lowered by 0.5 V as compared with the
case of the relation (7). As is well known, the
power supply of the integrated circuits has a
small voltage, and is often established by storage
cells. Therefore, the decrease of the power-supply
voltage by 0.5 volt gives such a great effect that
the number of storage cells can be reduced, for
example, from three to two.

The resistor R, works to reduce the potential
difference (1.6—1.2) V between V, and V. The
resistor R,;, however, may be replaced by a diode
or a transistor. Fig. 4 illustrates an embodiment of
a circuit based upon the fundamental setup of Fig.
3, in which symbols Qg Q4 denote transistors
which constitute an amplifier 2a, and C, denotes a
capacitor for compensating the phase. Further, a
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resistor Rs connected between the power supply
Vee and the point A has a high resistance and
works to start the operation. The emitter area of
the transistor Q, is set to be, for example, 5 times
{x5) that of the transistor Q,. In the embodiment
of Fig. 4, a potential difference of about 0.7 V is
maintained between V, and Vg by a diode D,.

Fig. 5 illustrates a modified embodiment of the
fundamental setup of Fig. 3. What makes the
circuit of Fig. 5 different from the circuit of Fig. 3 is
that a series circuit comprising the transistor Q,
and the resistor R, is connected in series with the
collector of the transistor Qg, the collector of the
transistor Q, is connected in series with the base
of the transistor Q,, and the feedback amplifier 2b
is fed back to the potential V, from the collector of
the transistor Q,. In this case, the input phase and
the output phase of the amplifier are reversed
relative to each other. The principle of operation,
functions and effects are quite the same as those
in the case of Fig. 3. Fig. 6 illustrates an embodi-
ment of the setup of Fig. 5, wherein a transistor
Q4o works as a feedback amplifier, and its output
phase and the input phase are reversed relative to
each other.

Fig. 7 illustrates a modified embodiment of Fig.
4, in which a transistor Q5 is used in place of the
resistor R, that is employed in Fig. 3, and
transistors Qg and Qg form an amplifier. This
circuit features a large output current since the
transistor Q; is connected in a manner of emitter
follower. Fig. 8 illustrates a further modified
embodiment of Fig. 4. Namely, the circuit of Fig. 8
does not have the transistor Q; and the diode D,
that are used in the circuit of Fig. 4, and requires a
further decreased power-supply voltage V.

Figs. 9A and 9B illustrate important portions of
the embodiment of Fig. 3 when the offset
compensation is effected. The reference voitage
generator circuit of this type is constructed in the
form of a semiconductor integrated circuit, and an
offset voltage {usually of the order of several
millivolts) is generated in the voltages Vge of the
transistors Q,, Qz. Symbols Rg; and Rg, refer to
small resistances which are inserted on the
emitter side to cancel the offset voltage. These
resistances generate voltages which are sufficient
to cancel the offset voltages.

According to the present invention as men-
tioned in the foregoing, the power-supply voltage
of a band-gap reference circuit can be lowered,
and the number of storage cells can be reduced
from, for example, three to two. Or, even when
the same number of storage cells are used, for
example, even when two storage cells are used,
the circuit can be operated maintaining sufficient
margin.

Claims

1. A circuit for generating a reference voltage,
comprising: a first transistor (Q;) and a second
transistor (Q,) of which the bases are connected
together, the area of the emitter region of the first
transistor being smaller than the area of the
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emitter region of the second transistor, the
emitter of the first transistor being connected to
ground, and the emitter of the second transistor
being connected to ground via a first resistor (R;};
a current supply means (1} which supplies equal
currents to the collectors of the first and second
transistors; and characterised by a second
resistor (R,;) which is connected between an
output terminal (V) and a connection point of the
interconnected bases of the first and second
transistors; and a current generator circuit (Qg)
which is connected between the connection point
of the commonly connected bases and ground to
produce a current which is proportional to the
emitter current of the first transistor {Q,) or the
second transistor {Q,), such that a constant
voltage is generated at the output terminal.

2. A circuit for generating a reference voltage
according to claim 1, wherein the current supply
means (1) comprises a current mirror circuit that
is connected between the collectors of the first
and second transistors {Q;, Q,) and a first power
supply (V,), and a feedback amplifier (2a) which is
driven by a second power supply (V) having a
voltage higher than that of said first power supply
and which is connected from the collector of the
first transistor (Q,) or the second transistor (Q,) to
the first power supply {Va).

3. A circuit for generating a reference voltage
according to claim 2, wherein the feedback
amplifier (2a) is a positive-phase-sequence
amplifier which is connected between the
collector of the first transistor and the first power
supply.

4. A circuit for generating a reference voltage
according to claim 2, wherein the posi-
tive-phase-sequence amplifier (2a) comprises a
third transistor {Qg) of which the base is con-
nected to the collector of the first transistor and of
which the emitter is connected to ground, a fourth
transistor {Qg) of which the base is connected to
the collector of the third transistor, of which the
emitter is connected to the second power supply
and of which the collector is connected to the first
power supply, and a third resistor {Rg} connected
between the first power supply and the second
power supply.

5. A circuit for generating a reference voltage
according to claim 4, wherein the circuit further
has a sixth transistor {Q;) of which the base is
connected to the first power supply, of which the
collector is connected to the second power
supply, and of which the emitter is connected to
the output terminal.

6. A circuit for generating a reference voltage
according to claim 2, wherein the feed-back
amplifier (2b) is a negative-phase-sequence
amplifier which is connected between the
collector of the second transistor and the first
power supply.

7. A circuit for generating a reference voltage
according to claim 6, wherein the nega-
tive-phase-sequence amplifier comprises a fifth
transistor (Q,,) of which the base is connected to
the collector of the second transistor (Q,), of
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which the emitter is connected to ground, and of
which the collector is connected to the first power
supply, and a third resistor (Rg) which is con-
nected between the first power supply and the
second power supply.

8. A circuit for generating a reference voltage
according to any one of claims 1 to 7, wherein a
resistor for offset compensation is inserted
between the emitter of the first transistor (Q,) and
ground.

9. A circuit for generating a reference voltage
according to any one of claims 1 to 7, wherein a
resistor (Rg;) for offset compensation is inserted
between ground and the junction of the emitter of
the first transistor and the first resistor.

10. A circuit for generating a reference voltage,
comprising: a first transistor (Q;) and a second
transistor (Q,) of which the bases are connected
together, the area of the emitter region of the
second transistor being greater than that of the
first transistor, the emitter of the first transistor
being grounded and a first resistor (R;) being
connected between the emitter of the second
transistor and ground; and characterised by a
second resistor (Ry,) connected between the base
of the first transistor and an output terminal (Vg);
a third transistor (Q;) and a fourth transistor {Q,4)
of which the collectors are connected to the
collectors of the first and second transistors,
respectively, of which the emitters are connected
to the output terminal (V;}, of which the bases are
connected together, and the base and collector of
the fourth transistor {Q,) are connected to each
other; a voltage generator circuit connected
between ground and the interconnected bases of
the first and second transistors; a fifth tansistor
{Qg) of which the base is connected to the
collector of the first transistor and of which the
emitter is grounded; a capacitor (C,} connected
between the base of the fifth transistor and
ground; a sixth transistor (Qg) of which the base is
connected to the collector of said fifth transistor,
of which the emitter is connected to a power
supply, and of which the collector is connected to
the output terminal; and a third resistor (R.)
which is connected between said power supply
and said output terminal.

Patentanspriiche

1. Schaltung zur Erzeugung einer Referenz-
spannung mit: einem ersten Transistor (Q,) und
einem zweiten Transistor (Q,)}, deren Basen mit-
einander verbunden sind, wobei das Gebiet des
Emitterbereichs des ersten Transistors kleiner als
das Gebiet des Emitterbereichs des zweiten Tran-
sistors, der Emitter des ersten Transistors mit
Erde verbunden und der Emitter des zweiten
Transistors Uiber einen ersten Widerstand (R;) mit
Erde verbunden ist; einer Stromversor-
gungseinrichtung (1), welche gleiche Stréme zu
den Kollektoren des ersten und des zweiten
Transistors liefert; und gekennzeichnet durch
einen zweiten Widerstand (R;,), welcher zwischen
einem AusgangsanschluR (Vg) und einem
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Verbindungspunkt der miteinander verbundenen
Basen des ersten und zweiten Transistors ange-
schlossen ist; und eine Stromgeneratorschaltung
{Qg), welche zwischen dem Verbindungspunkt der
miteinander verbundenen Basen und Erde ange-
schlossen ist, um einen Strom zu erzeugen, der
proportional zu dem Emitterstrom dem ersten
Transistors (Q,) oder des zweiten Transistors (Q,)
ist, so dal} an dem Ausgangsanschluf’ eine kon-
stante Spannung erzeugt wird.

2. Schaltung zur Erzeugung einer Referenz-
spannung nach Anspruch 1, bei welcher die
Stromversorgungseinrichtung (1) eine Strom-
spiegelschaltung umfaBt, die zwischen den
Kollektoren des ersten und des zweiten Tran-
sistors (Q;, Q,) und einer ersten Energie-
versorgung (V,) angeschlossen ist, und einen
Riickkopplungsverstarker (2a), welcher von einer
zweiten Energieversorgung (V..} betrieben wird,
deren Spannung hoher als diejenige der genann-
ten ersten Energieversorgung ist, und der zwi-
schen den Kollektor des ersten Transistors (Q,)
oder des zweiten Transistors (Q,) und der ersten
Energieversorgung {V,) angeschlossen ist.

3. Schaltung zur Erzeugung einer Referenz-
spannung nach Anspruch 2, bei welcher der
Riickkopplungsverstérker (2a) ein mitlaufiger Ver-
starker ist, der zwischen dem Kollektor des ersten
Transistors und der ersten Energieversorgung
angeschiossen ist.

4, Schaltung zur Erzeugung einer Referenz-
spannung nach Anspruch 2, bei weicher der
mitlaufige Verstarker (2a) einen dritten Transistor
(Qq) umfafdt, dessen Basis mit dem Kollektor des
ersten Transistors und dessen Emitter mit Erde
verbunden ist, einen vierten Transistor (Qg), de-
ssen Basis mit dem Kollektor des dritten Tran-
sistors verbunden ist, dessen Emitter mit der
zweiten Energieversorgung und dessen Kollektor
mit der ersten Energievorsorgung verbunden ist,
und einen dritten Widerstand (Rg), der zwischen
der ersten Energieversorgung und der zweiten
Energieversorgung angeschlossen ist.

5. Schaltung zur Erzeugung einer Referenz-
spannung nach Anspruch 4, bei welcher die
Schaltung ferner einen sechsten Transistor {Q;)
umfalt, dessen Basis mit der ersten Energie-
versorgung, dessen Kollektor mit der zweiten
Energieversorgung und dessen Emitter mit dem
Ausgangsanschlufd verbunden ist.

6. Schaltung zur Erzeugung einer Referenz-
spannung nach Anspruch 2, bei welcher der
Rickkopplungsverstarker (2b) ein  Gegen-
kopplungsverstérker ist, der zwischen dem
Kollektor des zweiten Transistors und der ersten
Energieversorgung angeschlossen ist.

7. Schaltung zur Erzeugung einer Referenz-
spannung nach Anspruch 6, bei welcher der
Gegenkopplungsverstérker einen funften Tran-
sistor (Q,,) umfaBt, dessen Basis mit dem Kollek-
tor des zweiten Transistors (Q;), dessen Emitter
mit Erde und dessen Koliektor mit der ersten
Energieversorgung verbunden ist, und einen drit-
ten Widerstand (Rg), der zwischen der ersten
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Energieversorgung und der zweiten Energie-
versorgung angeschlossen ist.

8. Schaltung zur Erzeugung einer Referenz-
spannung nach irgendeinem der Anspriiche 1 bis
7, bei welcher ein Widerstand zur Abweichungs-
kompensation zwischen dem Emitter des ersten
Transistors (Q,) und Erde eingefligt ist.

9. Schaltung zur Erzeugung einer Referenz-
spannung nach einem der Anspriiche 1 bis 7, bei
welcher ein Widerstand (Rg) zur Abweichungs-
kompensation zwischen Erde und dem
Verbindungspunkt des Emitters des ersten Tran-
sistors und des ersten Widerstands eingefiigt ist.

10. Schaltung zur Erzeugung einer Referenz-
spannung mit: einem ersten Transistors (Q,) und
einem zweiten Transistor (Q,), deren Basen mit-
einander verbunden sind, wobei das Gebiet des
Emitterbereichs des zweiten Transistors gréRer
als das des ersten Transistors ist und der Emitter
des ersten Transistors geerdet und ein erster
Widerstand (R,) zwischen dem Emitter des
zweiten Transistors und Erde geschaltet ist; und
gekennzeichnet durch einen zweiten Widerstand
(Rq2), der zwischen der Basis des ersten Tran-
sistors und einem Ausgangsanschluf} (Vg) ange-
schlossen ist; einen dritten Transistor (Qs) und
einen vierten Transistor {Q,), deren Kollektoren
mit den Kollektoren des ersten bzw. zweiten
Transistors verbunden sind, deren Emitter mit
dem Ausgangsanschluf3 {Vg) verbunden sind und
deren Basen miteinander verbunden sind, wobei
die Basis und der Kollektor des vierten Transistors
{Q,) miteinander verbunden sind; eine
Spannungsgeneratorschaltung, die zwischen
Erde und den miteinander verbundenen Basen
des ersten und zweiten Transistors ange-
schlossen ist, einen flinften Transistor (Qg), de-
ssen Basis mit dem Kollektor des ersten Tran-
sistors verbunden und dessen Emitter geerdet ist;
einen Kondensator (C,}, der zwischen der Basis
des funften Transistors und Erde angeschlossen
ist; einen sechsten Transistor (Qg), dessen Basis
mit dem Kollektor des genannten flinften Tran-
sistors verbunden ist, dessen Emitter mit einer
Energieversorgung verbunden ist und dessen
Kollektor mit dem Ausgangsanschiuf verbunden
ist; und einen dritten Widerstand (Rg), der zwi-
schen der genannten Energieversorgung und
dem genannten AusgangsanschluB ange-
schlossen ist.

Revendications

1. Circuit pour la génération d'une tension de
référence, comprenant; un premier transistor {Q,)
et un second transistor (Q,) dont les bases sont
connectées ensemble, la surface de la région
d'émetteur du premier transistor étant inférieure
a la surface de la région d’émetteur du second
transistor, I'émetteur du premier transistor étant
connecté & la masse, et "émetteur du second
transistor étant connecté a la masse par l'inter-
médiaire d'une premiére résistance (R;); un
moyen d'alimentation en courant (1) qui fournit
des courants égaux aux collecteurs des premier et
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second transistors; et caractérisé par une
seconde résistance (Rq,) qui est connectée entre
une borne de sortie (Vg) et un point de connexion
des bases interconnectées des premier et second
transistors; et un circuit générateur de courant
(Qg) qui est connecté entre le point de connexion
des bases connectées en commun et la masse
pour produire un courant qui est proportionnel au
courant d'émetteur du premier transistor {Q;) ou
du second transistor (Q,), de sorte gu’une tension
constante est engendrée a la borne de sortie.

2. Circuit pour la génération d'une tension de
référence selon la revendication 1, caractérisé en
ce que le moyen d'alimentation en courant (1) est
constitué par un circuit a8 courant en rapport
géométrique qui est connecté entre les collec-
teurs des premier et second transistors {Q,, Q,) et
une premiére alimentation (V,); et un amplifica-
teur a réaction (2a) qui est commandé par une
seconde alimentation (V) ayant une tension
supérieure a celle de la premiére alimentation et
qui est connectée par le collecteur du premier
transistor (Q,) ou du second transistor {Q,) a la
premiére alimentation (V,).

3. Circuit pour la génération d'une tension de
référence selon la revendication 2, caractérisé en
ce que l'“amplificateur a réaction (2a) est un
amplificateur fonctionnant sur la composante
positive de la phase qui est connecté entre le
collecteur du premier transistor et la premiére
alimentation. -

4. Circuit pour la génération d'une tension de
référence selon la revendication 2, caractérisé en
ce que |'amplificateur fonctionnant sur la com-
posante positive de la phase (2a) comprend un
troisiéme transistor {Qy) dont la base est con-
nectée au collecteur du premier transistor et dont
I’émetteur est connecté a la masse, un quatrieme
transistor (Qg) dont la base est connectée au
collecteur du troisieme transistor, dont I'émetteur
est connecté a la seconde alimentation et dont le
collecteur est connecté a la premiére alimenta-
tion, et une troisiéme résistance (Rs) connectée
entre la premiére alimentation et la seconde
alimentation.

5. Circuit pour la génération d’'une tension de
référence selon la revendication 4, caractérisé en
ce que le circuit comprend en outre un sixieme
transistor (Q;) dont la base est connectée a la
premiere alimentation, dont le collecteur est
connecté a la seconde alimentation, et dont
I'émetteur est connecté a la borne de sortie.

6. Circuit pour la génération d'une tension de

_ référence selon la revendication 2, caractérisé en

ce que l'‘amplificateur & réaction (2b) est un
amplificateur fonctionnant sur la composante
négative de la phase qui est connecté entre le
collecteur du second transistor et la premiére
alimentation.

7. Circuit pour la génération d'une tension de
référence selon la revendication 6, caractérisé en
ce que l‘amplificateur fonctionnant sur Ia
composante négative de la phase comprend un
cinquiéme transistor (Q,,) dont la base est con-
nectée au collecteur du second transistor (Q,),
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dont I'émetteur est connecté a la masse, et dont le
collecteur est connecté a la premiére alimen-
tation, et une troisiéme résistance (Rg) qui est
connectée entre la premiére alimentation et la
seconde alimentation.

8. Circuit pour la génération d'une tension de
référence selon l'une quelconque des reven-
dications 1 a 7, caractérisé en ce qu'une résis-
tance servant a la compensation d'un décalage
est insérée entre I'émetteur du premier transistor
(Q,) et la masse.

9. Circuit pour la génération d'une tension de
référence selon l'une quelcongque des reven-
dications 1 a 7, caractérisé en ce qu’une résis-
tance (Rgq) servant & la compensation d'un
décalage est insérée entre la masse et la jonction
de I'émetteur du premier transistor et de la
premiére résistance.

10. Circuit pour la génération d'une tension de
référence, comprenant: un premier transistor (Q,)
et un second transistor (Q,) dont les bases sont
connectées ensemble, la surface de la région
d'émetteur du second transistor étant supérieure
4 celle du premier transistor, et I'émetteur du
premier transistor étant relié a la masse et une
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premiére résistance (R,) étant connectée entre
I"émetteur du second transistor et ila masse; et
caractérisé par une seconde résistance (R,) con-
nectée entre la base du premier transistor et une
borne de sortie {Vg); un troisiéme transistor {Qs)
et un quatrieme transistor (Q,) dont les collec-
teurs sont connectés aux collecteurs des premier
et second transistors, respectivement, dont les
émetteurs sont connectés a la borne de sortie
(Vg), dont les bases sont connectées ensemble, et
dont la base et le collecteur du quatriéme tran-
sistor {Q4) sont connectés ensemble; un circuit
générateur de tension connecté entre ia masse et
les bases interconnectées des premier et second
transistors; un cinquiéme transistor (Qy) dont fa
base est connectée au collecteur du premier
transistor et dont I'émetteur est relié a la masse;
un condensateur (C,) connecté entre la base du
cinquiéme transistor et la masse; un sixiéme
transistor (Qg) dont la base est connectée au
colliecteur du cinquieme transistor, dont ['émet-
teur est connecté a une alimentation, et dont le
collecteur est connectée a la borne de sortie; et
une troisiéme résistance (Rg) qui est connectée
entre ladite alimentation et la borne de sortie.
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